We sought to identify the demographic, clinical, and psychological factors associated with parents' attendance at clinical genetics services for congenital heart disease.
INTRODUCTION
Congenital heart disease (CHD) is a spectrum of structural disorders affecting the heart. CHD affects 6-8 babies in every 1,000 live births, and about one-third of these infants require cardiac surgery in the first year of life. The burden of CHD is significant-it accounts for 20% of perinatal deaths and contributes more than 9,000 disability-adjusted life years to the total burden of disease in Australia. This makes CHD one of the top 10 contributors to burden of disease in children aged 0-14 years. 1 When a child is diagnosed with heart disease, almost all parents ask "Why has this happened to us?" Questions concerning causation are at the forefront of parents' minds, and the process of adapting to a child's diagnosis is psychologically difficult and complex. 2, 3 Although several risk factors associated with CHD have been well described, the complete etiological picture remains unclear, and the majority of CHD cases are considered sporadic in nature. In recent years, substantial progress has been made into the underlying genetic mechanisms of abnormal heart formation. 4 Molecular evaluations of genetic syndromes in which cardiac defects are a cardinal feature provide insights into genes associated with structural CHD and the pathways to abnormal heart development. For example, microdeletions in chromosome 22q11 which cause velocardiofacial syndrome 5 are also associated with more than 50% of cases of interrupted aortic arch type B, 35% of cases of persistent truncus arteriosus, and 15% of cases of tetralogy of Fallot, as well as other cardiac lesions. 4 Other genes in which mutations cause CHD include NKX2-5, NKX2-6, MYH6, and TBX20 (e.g., refs. 6,7). The identification of rare families with multiple affected members is another source of insight into genetic contributions to structural abnormalities of the heart. Most CHD is, however, not familial or syndromic but the result of multiple genetic mutations, or an interaction between single or multiple genetic mutations and the fetal environment. 4 Population studies suggest that the genetic component of CHD is high, with
Original research article heritability estimates ranging from 0.6 to 0.7 8, 9 and the averaged risk for siblings of affected children ranging between 2 and 5%. Risk for offspring is estimated at 3-5% 10 but may be as high as 10-15% for certain lesions, 11 with the risk to offspring of affected females greater than that for affected males. 12 This relatively modest risk of recurrence within families is consistent with non-syndromic (or "common") CHD.
As the molecular basis of heart formation comes into clearer focus, cardiac genetics services are likely to play an increasingly important clinical role. At present, genetics consultations purely for CHD are relatively uncommon. In day-to-day pediatric cardiology, generally only children with multiple congenital anomalies, a strong family history of CHD, abnormal karyotypes, or velocardiofacial syndrome proven by fluorescence in situ hybridization analysis are routinely referred for consultation. 7 Outside these groups, the diagnosis of sporadic CHD does not usually trigger a genetics referral. Coinciding with this is a lack of research examining parents' beliefs about the role of genetic factors in CHD, as well as parents' interest in or desire for cardiac genetics services. Even less is known about the factors likely to contribute to genetics service attendance for CHD. Studies examining parents' use of genetics services for congenital abnormalities in general report relatively low but increasing utilization rates, 13, 14 with low utilization attributed to a range of factors, including: limited awareness of the availability of genetics services, a perceived lack of need for such services, negative views regarding pregnancy termination, and fears regarding the emotional consequences of genetics consultation, such as the arousal of guilt or blame.
14 It is well established, however, that the presence of multiple anomalies or a syndrome in one's child, and death of a fetus or infant, increases the likelihood of referral to genetics services for congenital malformations in general. [14] [15] [16] The aims of this study were twofold: (i) to describe the beliefs and perceptions of parents of a child with CHD in regards to the role of genetic factors in CHD, as well as access to and utilization of cardiac genetics services and (ii) to identify the demographic, clinical, and psychological factors associated with attendance at genetics services for CHD. Based on the studies of parents' utilization of clinical genetics services for congenital abnormalities in general, it was hypothesized that attendance at cardiac genetics services would be low 13, 14 and would be associated with the presence of multiple anomalies or a syndrome in the child, [14] [15] [16] increased maternal age, 13 maternity care at a tertiary-level hospital, 13 a family history of CHD, and greater perceived importance of the role of genetic factors in CHD. We also sought to examine the relationship between risk-related information-seeking style and genetics service attendance, hypothesizing that genetics service attendance would be associated with a general tendency in some parents to seek out or monitor for risk-related information.
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MATeRIALs AND MeTHODs
Participants
Parents or guardians of a living child diagnosed with a congenital cardiac malformation between the years 2000 and 2009 and who had undergone cardiac surgery were identified for study participation via the databases of the Department of Cardiology at the Sydney Children's Hospital, Australia. Fully consented and contactable individuals were eligible for participation if they were aged older than 18 years and could complete the study questionnaire in English. To limit the burden on families, only one parent per family was invited to participate. The choice regarding who took part was left up to the individual families.
Procedure
The appropriate Human Research Ethics Committee gave approval for the study, and informed consent was obtained for all participants (SESIAHS approval number: 08/202). A study package comprising an invitation letter from the child's treating pediatric cardiologist, participant information sheet, questionnaire, and reply-paid envelope was mailed to all eligible families. Reminder letters and telephone calls were made, as appropriate, to parents who did not return the questionnaire within 1 month. Due to stipulation from the Human Research Ethics Committee, no further attempts were made to contact families after one telephone conversation and a second mail out. Study recruitment commenced in October 2009 and ceased in February 2010.
Measures
Based on a systematic review of the literature and expert consultation, a survey instrument was developed specifically for the study, comprised of both validated and purposely designed scales. Prior to administration, the questionnaire was pilot tested with a convenience sample of five parents of children with CHD, with modifications made according to parents' feedback. The self-administered questionnaire assessed sociodemographic and clinical characteristics, as well as a range of psychological variables. In addition, the questionnaire featured a discrete choice experiment to assess parents' preferences for various attributes of a hypothetical cardiac genetics consultation. Findings relating to this aspect of the study will be reported elsewhere.
1. Demographic characteristics (10 items): parental age, marital status, education, gross annual family income, residential location, nationality, language primarily spoken at home, number and age of children, and relationship to the child with CHD (e.g., mother, legal guardian were asked to indicate whether they had ever been offered an appointment with a clinical geneticist to discuss their child's cardiac abnormality. Participants then indicated whether they or another family member had attended this appointment. Response options for both items were "yes", "no", and "unsure", with space provided to indicate reason(s) for nonattendance.
Previously accessed or received information about genetics
and CHD (4 items): Participants indicated whether they had ever accessed or received information regarding possible genetic factors associated with CHD from sources other than a clinical geneticist or genetic counselor (see Figure 2 for the full list of options). Participants were also asked to indicate the timing of information receipt (i.e., during pregnancy or postpartum) and how satisfied they were with the quality and quantity of information provided, with options ranging from 1 ("not at all satisfied") to 5 ("extremely satisfied"). Finally, participants rated the perceived importance of receiving information about genetics and CHD on a 5-point Likert scale ranging from 1 ("not at all important") to 5 ("extremely important"). 5. Causal attributions for CHD were assessed via 14 items based on our previous qualitative research. 2 Participants rated the perceived importance of each item (Figure 1 ) as a cause of CHD on a 5-point Likert scale ranging from 1 ("not at all important") to 5 ("extremely important"). Several strategies were employed in an effort to minimize potential bias toward a genetic model of CHD: (i) the study title and questionnaire cover did not mention the researchers' interest in genetics; (ii) causal attributions were elicited before items about attendance at genetics services or receipt of genetics-related information; and (iii) "genetic factors" were listed ninth in the list of possible factors associated with CHD. Participants were also offered an opportunity to indicate and rate additional possible causes they identified spontaneously. 6. Depression, anxiety, and stress (21 items): The Depression, Anxiety and Stress Scale (DASS-21) is a widely used and validated measure of depression, anxiety, and stress experienced in the past 7 days, for which normative data in nonclinical Australian adult samples are available. 20 Response options range from 0 ("did not apply to me at all") to 3 ("applied to me very much or most of the time"), and clinical cutoff scores are available for each of the three subscales. 21 In the present sample, the internal consistency was 0.87 for each of the depression, anxiety, and stress subscales. 7. Posttraumatic stress symptoms (22 items) associated with CHD diagnosis and treatment were assessed using the Impact of Events Scale-Revised (IES-R). 22 Participants rated the frequency and severity of posttraumatic stress symptoms in the preceding week along three dimensions (intrusion, avoidance, and hyperarousal) using a 5-point frequency scale. Internal consistency for the IES-R total score was 0.96. Elevated and probable posttraumatic stress levels were defined as IES-R total scores above 24 and 32, respectively. 23, 24 8. Information-seeking style (32 items): According to the monitoring process model, the way people cope under situations of threat can be classified as either cognitive confrontation ("high monitoring") or cognitive avoidance ("low monitoring"). 25 Individuals are characterized as either "high monitors" or "low monitors" depending on how they select, encode, and manage risk-related information, as well as how they respond to this information. Under conditions of threat, people with a tendency toward high monitoring typically prefer detailed information, tend to actively seek out and scan for threatening cues, and experience increased anxiety in relation to threats. 26 High monitors also typically report feeling dissatisfied with the information provided in routine medical care, 26 and for these people, monitoring is motivated by the need to minimize uncertainty and gain control over the threat. By contrast, low monitors tend to avoid detailed threat-related information in order to Original research article minimize anxiety. In this study, information-seeking style was assessed using the Miller Behavioral Style Scale. 25 Respondents were asked to imagine four hypothetical stress-invoking scenarios of a largely uncontrollable nature. Each scenario was followed by eight responses indicative of either high or low information-seeking ("monitoring") style. For the analysis, participants were categorized as high or low monitors on the basis of how they anticipated their responses to these threat-related cues, using a median split.
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Data analysis
Data were analyzed using the IBM Statistical Package for the Social Sciences (SPSS) 20.0 (IBM, Armonk, NY). Descriptive statistics were used to assess the demographic and clinical characteristics of the sample, as well as genetics-related attitudes, beliefs, and behaviors. Spearman's correlations were used to investigate associations between psychological distress scores and diagnostic variables (i.e., time since cardiac diagnosis and surgical risk). For all bivariate analyses, the outcome variable (cardiac genetics service attendance) was treated as a dichotomous variable, as no participants reported being "unsure" about attendance. Fisher's exact test was used to examine the associations between categorical independent variables with two levels and cardiac genetics service attendance. 27 Independent samples t-tests or Mann-Whitney U tests were used, as appropriate, for continuous predictor variables.
Binary logistic regression analysis was used to examine the relationship between cardiac genetics service attendance and independent predictor variables. Two approaches to this analysis were taken. First, due to the limited number of participants who had attended cardiac genetics services, a forward modeling strategy was used, starting with the predictor variable with the lowest P value at the bivariate level and adding each variable sequentially, based on its P value. Models were limited to two predictor variables to avoid the problematic results of logistic models with fewer than 10 events (i.e., participants) per variable. 28 Second, a progressive, backward elimination modeling strategy, which included all predictor variables significant at the bivariate level, was also tested. Each approach resulted in the same final model. To assess multicollinearity, the variance inflation factor for each predictor variable in the model was checked, and no problems were detected.
ResULTs
Response rates
Based on the eligibility criteria for the study, 257 families were identified and approached for study participation. Of these, 44 families were not contactable (due to incorrect address or disconnected telephone line), 21 families declined participation, and 78 families did not return the study questionnaire, resulting in 114 completed questionnaires and yielding a participation rate of 53.5% among eligible, contactable families (114/213). Overall, the majority of the sample were mothers (79.8%), the mean age of the sample was 36.7 years (SD = 5.7), the median time since cardiac diagnosis was 3 years, and less than a quarter of parents (21.9%) had received their child's diagnosis in the antenatal period. Participants reported a range of current concerns about their child's health and development, including concerns about feeding and weight gain (n = 16, 14%), global developmental delay (n = 10, 9%), emotional and social development (n = 8, 7%), language and speech development (n = 8, 7%), ongoing medical issues (n = 8, 7%), fine and gross motor skills (n = 7, 6%), intellectual functioning (n = 6, 5%), and future quality of life (n = 6, 5%). Three parents (2.6%) had a child who had died due to CHD, and no participants reported previous pregnancy termination or fetal death due to CHD ( Table 1) .
Mean scores for depression, anxiety, and stress were higher than norms derived from the general Australian adult population ( Table 2) . 20 Depression, anxiety, and stress scores potentially warranting clinical intervention were reported by 26, 27, and 32% of the sample, respectively. In terms of posttraumatic stress symptoms, 49 participants (43%) indicated that they were "extremely" or "quite a bit" affected by one or more symptoms in the past week. Items with the highest mean scores were "any reminder brought back feelings about it" (mean = 1.60; SD = 1.26), "pictures about it popped into my mind" (mean = 0.97; SD = 1.21), and "I had waves of strong feelings about it" (mean = 0.89; SD = 1.21). Elevated posttraumatic stress was identified in 16.7% of parents, and 14% of parents reported posttraumatic stress symptoms consistent with the need for referral to clinical psychology services. Both general (r s = −0.20; P = 0.04) and traumatic (r s = −0.20; P = 0.04) stress scores were negatively correlated with time since diagnosis; thus, the greater the time since diagnosis, the lower the stress reported by parents. No other associations between psychological distress and time since diagnosis or surgical risk were found.
Causal attributions for CHD
Overall, participants perceived genetics to be the most important factor associated with the development of CHD, with 97 participants (86.7%) rating genetic factors as "quite" or "extremely important" and only 2 participants (1.8%) rating genetics as "not at all important" as a cause of CHD (Figure 1 ).
Access to, and attitudes toward, information about genetics and CHD
Participants were asked to indicate the importance of receiving information about CHD and possible associated genetic factors. The mean importance score for the sample was 4.0 (SD = 1.1), indicating that on average, participants perceived information on CHD and genetics as "quite important". In terms of the distribution of scores, 4 participants (3.5%; all mothers) perceived genetics-related information as "not at all" important, 8 participants (7%) as "slightly" important, 19 participants (16.7%) as "moderately" important, 36 participants (31.6%) as "quite" important, and 47 participants (41.2%) as "extremely" important. Forty-one participants (36.3%) indicated that they had previously accessed or received information about CHD and genetic factors. For these participants, the most common sources of information about genetics were their pediatric cardiologist (n = 30, 73.2%), the Internet (n = 23, 56.1%), and paper-based materials such as books or pamphlets (n = 14, 34.1%; Figure 2 ). Twelve participants had accessed or received information about CHD and genetics during pregnancy (29.3%). The mean satisfaction score for those participants who had accessed geneticsrelated information was 3.2 (SD = 1.2), indicating that on average, participants were "fairly satisfied" with the information received. Of those who had accessed information, 4 participants (9.8%; 3 mothers and 1 father) were "not at all" satisfied, 9 participants (22%) were "somewhat" satisfied, 9 participants (22%) were "fairly" satisfied, 15 participants (36.6%) were "quite" satisfied, and 4 participants (9.8%) were "extremely" satisfied.
Attendance at clinical genetics services for CHD
Only 28 participants (24.6%) could recall being offered a genetics consultation, and of these, 25 participants (89%) had attended the consultation. Thus, in this cross-sectional study of Australian parents of children with CHD requiring surgical intervention, the overall attendance rate at genetics services was 22% (25/114). Among those who were referred to a clinical geneticist, reasons for nonattendance included feeling "too scared about what it might reveal" and having to wait for an available appointment. Variables associated with genetics service attendance at the bivariate level are presented in Table 3 .
In the final logistic regression model, presence of a syndromal condition increased the odds of uptake of genetics services by 18 times (odds ratio = 17.93; 95% confidence interval: 5.73-56.07; P < 0.001), whereas antenatal diagnosis of CHD increased the odds of genetics service attendance by over four times (odds ratio = 4.13; 95% confidence interval: 1.23-13.91; P = 0.02). Thus, both factors were very strong predictors of genetics service attendance in this sample.
DIsCUssION
Very little is known about parents' interest in or desire for genetics services for CHD, and even less is known about the factors likely to contribute to cardiac genetics service attendance. In this study, we found that despite high levels of interest in clinical genetics services and a strong desire for more information about the role of genetic factors in CHD, only 25% of parents reported awareness of the availability of cardiac genetics services, and overall, only 22% reported service attendance. Moreover, only 36% of the total sample could recall accessing or receiving information about CHD and genetic factors from other sources, such as their child's cardiologist. In comparison with previously reported data on Australian parents' use of genetics services after the diagnosis of a congenital abnormality in their child, where rates of uptake of genetic counseling are as high as 60%, 14 awareness of and engagement with genetics services for CHD seems low. This is particularly interesting in light of data that suggest that the timing of Elevated post-traumatic stress was defined as an IES-R total score above 24, and probable post-traumatic stress was defined as an IES-R total score above 32.
genetics consultations may bear importance, with parents perceiving access to genetics services as most useful 6 or more months after initial diagnosis. 29 All parents in this study were surveyed at least 12 months after initial cardiac diagnosis, and all children were diagnosed at a tertiary pediatric hospital with an established genetics service.
As hypothesized, the presence of a chromosomal abnormality or syndrome in one's child was the strongest predictor of attendance at cardiac genetics services. 14, 16 Although this appears to indicate a largely "common sense" view of cardiac genetics service utilization among parents, 39% of parents of a child with multiple physical anomalies or a syndrome had not attended a genetics service. These data flag a need to understand, in both practical and psychological terms, the potential "gaps" between parents' beliefs about their child's medical condition, their awareness of available services, and actual health behaviors. The lack of parental awareness of genetics services observed in this study is not uncommon; 14, 29 however, the specific barriers to service use are unclear. Parental factors that may potentially account for low service use include misconceptions about the purpose of genetics services and fears regarding the emotional consequences of genetics consultation.
14 It is possible that practical (e.g., availability, cost) 30 and clinician-related factors (e.g., limited doctor-patient communication about genetics services) 14 may also play a role. Prospective cohort studies are a means of better understanding the dynamics of genetics service use in this setting. Original research article Antenatal diagnosis of CHD was also strongly associated with cardiac genetics service attendance, with 48% of participants who had received an antenatal diagnosis attending a genetics consultation. Unlike most other major organ abnormalities, almost half of all infants requiring cardiac surgery during infancy are diagnosed antenatally. 31 One of the major advantages of antenatal diagnosis is that potentially unstable newborns with CHD can have planned delivery close to specialized pediatric cardiac services, reducing morbidity and, in some lesions, measurably improving the chances of survival. 32, 33 Antenatal diagnosis also presents an opportunity to provide counseling to families regarding the nature of their baby's abnormality, the expected medical course and prognosis, and often leads to multiple visits with health-care providers before birth, including pediatric cardiologists, cardiothoracic surgeons, and clinical geneticists. Recent research by our group, however, shows that a substantial subset of mothers and fathers who receive their baby's cardiac diagnosis antenatally experience persistent symptoms of severe traumatic stress. 2 In terms of psychological functioning, a substantial subset of parents in the present sample reported psychological stress, including anxiety and posttraumatic stress, indicative of the need for referral to clinical psychology services. Indeed, mean scores for depression and stress were more than double documented Australian norms, and the mean anxiety score was more than three times that expected in the general Australian adult population. 34 These results are striking and signal the need for greater attention to be directed toward the prevention and treatment of severe emotional distress in families of children with CHD, particularly given the potential for some parents to experience persistent symptoms over many years.
Genetic factors played a role in almost all participants' causal attributions for CHD. What this means in terms of parents' understanding of the role of genetic factors in CHD requires further inquiry. In the general community, concepts such as genetics and heritability are often perceived as equivalent, 35 and this can lead to misconceptions about disease onset, inheritance, and risk of recurrence, as well as intense emotional reactions such as "transmission guilt" among parents and "survivor guilt" among siblings. Previous research suggests that people generally tend to perceive the causes of many diseases as multifactorial, due to genetic factors in combination with a variety of environmental, behavioral, and psychosocial factors. 36 Learning more about the potential role of a range of factors, including genetics, may serve to alleviate powerful feelings of guilt or blame experienced by some parents. 35 Conversely, some parents may hold causal beliefs suggestive of an "all or nothing" or binary principle of causality. The discounting principle by Kelley 37 states that, if people perceive a number of different causes as sufficient to produce an effect, when evidence for the presence of one cause is given, the role of other plausible causes will be discounted. An alternative explanation is that attributing CHD entirely to genetic factors may serve to reduce or remove a sense of randomness about the development of heart disease in one's child. 38 It is also possible, however, that parents may misperceive, misunderstand, or distort genetics information, thus altering its intended meaning and its emotional consequences. Qualitative methodologies have the capacity to provide rich data on these phenomena, and studies of this nature may be helpful in elucidating the diversity and meaning of causal beliefs held by children with CHD, their parents, and other family members.
Interpretation of the present findings must take into account a number of limitations. Due to the cross-sectional study design, the causal direction of associations is unclear. Prospective studies are needed to better understand the potential changes in parents' motivations for cardiac genetics service attendance over time. Self-report is subject to the possibility of response and recall bias, and the relatively small sample may not have yielded sufficient power to detect important effects. Moreover, given the high proportion of mothers and Australian-born participants with a tertiary education, the sample may not be representative of all parents of a child with CHD. Despite these limitations, the findings highlight a range of clinically relevant issues.
ReCOMMeNDATIONs
There is strong interest among parents of children with CHD for greater information about the role of causal factors, including genetics. Most families, however, do not access cardiac genetics services and report limited recall of, or satisfaction with, information about etiological factors. Given the central role that pediatric cardiologists and general practitioners play in communicating with families about the potential causes of CHD, as well as guiding referrals to genetics services, it seems imperative that we develop a better understanding of the ways in which clinicians view cardiac genetics services and parents' desire for genetics-related information. Little is known about doctor-parent communication about the causes of CHD in general, nor the provision of information directly relevant to genetics. The results of this study support the incorporation of genetics-related information in cardiology consultations as a means of introducing this area to parents and facilitating referral to genetics services, if indicated and desired. Although current knowledge does not suggest that a referral to cardiac genetics services should be standard for all families, well-established factors that prompt referral include the presence of multiple congenital anomalies, family history of CHD, abnormal karyotypes, or velocardiofacial syndrome. Other relevant factors may include the nature and severity of the cardiac abnormality, physician or parental perceived likelihood of recurrence, and parental desire for more information. Given that parents may experience difficulties recalling this information, particularly if it is provided at the time of diagnosis or medical intervention, 2 it may be beneficial to address questions relating to CHD causation more than once, as parents' emotional receptiveness evolves over time. It may also be beneficial to provide etiological information in multiple formats, including print-and web-based resources (e.g., http://www.heartcentreforchildren. com.au/how-did-this-happen-.html).
